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1 . The spacer may be covalerrtjy attached to a support surface and to a biomolecule. and the covalent attachments 
desirably occur under different predetermined conditions. 

2. The reaction conditions for coupling the spacer to a biomolecule are suff icientJy gentle as to avoid damaging the 
biomolecule. and adverse interactions between the biomolecule and the spacer are minimized. 

3. Preferably, the spacer contains repealing units such that its length may be adjusted as desired to optimize the 
specific activities of a given biomolecule. 

4. There are no significant bulk physical changes to the surface to which the biomolecule is attached. 

The process of the invention involves the treatment of a surface by the immobilization thereon of a biomolecule 
through theuseofaheterobifunctjonal spacer having two reactive groups thereon, the chemical chain providing a spacing 
between the groups of at least 25 Angstroms, measured along an extended length of the chain. As used herein, 
-extended" chain length refers to the straight line distance between two positions along a chemical chain when the chain 
is stretched to its maximum length consonant with maintaining proper bond angles. For example, propane. CHrCHr 
CH 3 exhibits an "extended" chain length between terminal carbon atoms of about 2.5 A (observing a bond angle of 
my), whereas the sum of the (carbon-carbon) bond distances along the molecule is about 3.06 A. The distances 
measured along the spacer chains described herein are all 'extended" chain lengths. 

The spacers desirably are totally self-contained in that no pretreatment of a target surface to generate bonding 
groups is required to effect immobilization. An important aspect of the invention is the discovery that adverse sub- 
strate/biomolecule interactions can be predictably reduced. • „ 

In one embodiment, the invention comprises a long chain spacer for tethering a biomolecule to a surface while 
avoiding substantial deleterious effect upon the biomolecule by the presence of the surface, the spacer comprising a 
chemical backbone having two reactive groups attached thereto and separated by a backbone extended chain length 
of not less than about 25 Angstroms, one such reactive group being capable of forming a covalent bond to a surface in 
response to a given stimulus, and the other reactive group being capable of forming a covalent bond to a biomolecule. 
Desirably one of the reactive groups is responsive to a stimulus to which the other is not. One of the reactive groups is 
a latent reactive group such as a photoreactive group, and desirably this group is employed to attach the spacer to a 
surface The heterobif unctional spacer desirably is more hydrophilic than is the surface to which it is attached (that is. 
the spacer is more soluble in an employed liquid medium than it is in the support surface); it is postulated that the 
preferred spacers of the invention hence preferentially stand out from the surface to which they are attached, thereby 
spacing the biomolecule relatively far from the interfering effects of the surface to which it is tethered by the spacer. 
Further Ihe reactive group that attaches to a surface, a photoactive group, preferably is more hydrophobic than the 
spacer (that is. the group is more soluble in the support surface than is the spacer), and desirably is an aryl group such 
as an aryl azide or an aryl ketone derivative. 

In another embodiment, the invention relates to a method of attaching a biomolecule to a surface in such a manner 
that the biomolecule is sufficiently spaced from the surface as to escape significant deleterious surface effects. The 
method comprises reacting a photoreactive group of a long chain spacer with a given support, and reacting another 
reactive group carried by the spacer with a biomolecule. the reactive groups being spaced from one another by a chain 
length of at least 25 Angstroms. The bonds formed to the surface and to the biomolecule are covalent bonds. The reactive 
groups can be reacted in any order. .... i 1 _-.u »^ 

In afurther embodiment the invention relates to a support surface, a plurality of biomolecules. and a spacer attaching 
and spacing the biomolecules to and from the surface, the biomolecule being spaced from the support by a ^stance, 
measured along the extended length of the spacer, of at least 25 Angstroms. In this embodiment the spacer preferably 
comprises a generally hydrophilic chain having repeating units, such units preferably being oxyalkylene groups such as 
ethoxy groups or isopropoxy groups. 

pFSCRIPTIQN nF ™F DRAWING 

Figure 1 is a graphic representation of biomolecule activity as a function of spacer chain molecular weight, as 
reported in Example 2 below. 

DESCRIPTION OF THE PREFERRED EMB ODIMENTS 

A biomolecule is a molecule of a compound which engages in a biologic activity or which is effective in modulating 
a biological activity. Exemplifying the biocompatible agent may be a growth factor such as endothelial cell growth facte* 
epithelial cell growth factor, osteoblast growth factor, fibroblast growth factor, platelet derived growthfactor. neuralgrowth 
factor or angiogenic an antimicrobial agent such as lysozyme or penicillin; an antithrombogenic agent such as heparin, 
albumin streptokinase, tissue plasminogen activator or urokinase; a thrombogenic agent such as collagen|hyaluroruc 
acid chitosan: and other proteins, carbohydrates and fatty acids, and complex molecule combinations thereof. 
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Reactive groups also include thermochemical groups (that are activated by heat energy), and are typified by and 
include nttrophenylhaftdes, and alkylamino, aikylcarboxyl, aikylthio, alkylaldehyde, aikylmethylimidate. aJkylisocyanate, 
alkylisothiocyanate and alkylhalide groups. Other such groups include hydroxy! groups, primary amino groups, thio 
groups and maleimides. N-oxysucdnimide carboxylic esters of such groups as 6-arrrino hexanoic acid and amino unde- 

5 canoic acid, aikylthio groups such as mercaptosuccinic anhydride and beta-mercaptcpropionic acid, homocystetnethi- 
olactones, and polyetheytene glycol derivatives are preferred. It will be noted from the foregoing description that many 
of the thermal chemical groups, such as carboxyl, hydroxyl and amine groups, are hydrophilic or water loving groups. 

The photochemical reactive groups and thermochemical reactive groups are both latent reactive groups, that is, 
groups that become reactive in response to a given external stimulus, and the use of latent reactive groups for the groups 

w which covalently bond to the support surface and biomolecules, respectively, are preferred. Such groups are selected 
so that one of the groups responds to stimulus to which the other group does not respond. 

The chemical chain backbones that are used as spacers in accordance with the invention may be made from a 
variety of chemical species, including naturally occurring and synthetic polymers, particularly including homopolymers 
and copolymers, protein chains and the like. The chemical chain forming the spacer backbone preferably has hydrophilic 

is groups associated with rt, such as ether groups, ketone groups and the like. Proteins may be polypeptides such as 
polylysine. Polysaccharide spacer chains such as chitosan, dextran, heparin, hyaluronic acid and various starches and 
celluloses may be employed. 

Particularly preferred are spacers having backbone chains comprising repeating units that can be made from the 
polymerization of various monomers and oligomers. Particularly preferred are chains having repeating ethoxy (-CHy 

20 CHrO-) or isopropoxy (-CHrCH(CH 3 )-0-) groups, and of these, polyethylene glycol) (PEG) is most preferred. Spacer 
chains formed of repeating units can generally be manufactured in varying lengths; this, in turn, permits a biomolecule 
to be spaced by varying distances from a supporting surface. In a specific and preferred embodiment the method of 
the invention relates to a method for chemically tethering a biomolecule to a supporting surface so as to substantially 
optimize the activity of the biomolecule. The method comprises attaching a biomolecule to spacers of different lengths, 

25 the spacers being of a chemical species that can be prepared in varying lengths without substantial change in chemical 
properties, the other ends of the spacers being joined by means of a covalent bond to a solid support. The varying 
extended spacer lengths spacing the biomolecule from the support surface each exceed 25 Angstroms and may vary 
up to and beyond several hundred Angstroms. The activity of the biomolecule is measured, and the spacer length that 
provides the biomolecule with an optimum or substantially optimum activity is chosen. 

30 "Substantially optimum activity", as used herein, means activity that is at least about 50% as great as the optimum 
activity measured by the above method, the optimum activity being the greatest activity that is measured or being the 
activity at the point in which further increases in spacer length result in insignificant activity increases. 

The spacers of the invention, as noted, have an extended length between reactive groups of at least 25 Angstroms 
and preferably at least 50 Angstroms. The reactive groups for attachment to a biomolecule and to a supporting surface- 
as may be positioned as desired along the length of a spacer chain, but preferably are carried as the end or terminal groups 
of the spacer chain. . " 

The spacer chain itself desirably is solvophilic, e.g., the spacer chain is generally water loving and tends to uncoil 
in an aqueous environment By far the majority of biomolecules are generally hydrophilic in that they are adapted for 
use in aqueous environments since, with few exceptions, body fluids are aqueous in nature. The spacer chemical chains, 

40 without end groups, desirably are at least partially soluble - to the extent of not less than about 0.5% by weight - in water 
at 25°C; preferably, the solubility of the spacer chemical chains in water 25°C is at least about 2% and, most preferably, 
the spacer chemical chains are water miscible. The presence on a spacer chain of a comparatively hydrophobic reactive 
group such as an aromatic photoreactive group, appears to have the unique effect of causing the spacer molecule to 
orient itself in an aqueous solution with respect to a hydrophobic support surface such that the comparatively hydrophobic 

45 reactive group is preferentially carried near the support surface while the remainder of the spacer molecule generally 
stands away from the hydrophobic surface; it is postulated that this feature enables spacers to be covalently bonded 
densely to a comparatively hydrophobic support surface, and this in turn contributes to the formation of a biocompatible 
"effective" surface as defined above. 

A particularly preferred embodiment of the invention comprises a spacer backbone chain carrying at one end a 

so photoreactive group and. at the other end, a biomolecule, the spacer having an extended length of at least about 25 
Angstroms and preferably at least 50 Angstroms, measured along its extended length between the photoreactive group 
and the biomolecule. Particularly preferred, in this embodiment, are PEG spacers. 

The loading density of biomolecules to a support surface can be increased by incorporating a guiding group in the 
spacer chain adjacent the latent reactive group that covalently bonds to a support surface. The guiding group may be 

55 monofunctional, being bound to the spacer chain or latent reactive group as a pendant group, or, preferably, is a difunc- 
tional group positioned desirably between the latent reactive group and the remainder of the spacer chain. The guiding 
group may be hydrophobic or hydrophilic as the case may be, and is chosen to be hydrophobic when the support surface 
is hydrophobic, and hydrophilic when the support surface is hydrophilic. all for the purpose of preferentially orienting the 
latent reactive group of the spacer in bonding proximity to the support surface. As pointed out above, the long chain 
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being photocopied to polyurethane tubing through the ANP group. To the CSA group was then added the polyoxy eth- 
ylene chain which in turn was provided with a urokinase end group. 

200 milligrams of CSA (Canine Serum Albumin) were dissolved in 10 mi of 0.1 M borate buffer. pH 9.0. Azidonitro- 

pherTyl-6-aminocaproyl-N-oxysuccinimide (ANP-EAC-NOS wasdissolved indimethyifoimarnideat20 mitligrams/milliler. 
5 and 567 microliters of the ANP-EAC-NOS solution was added to the CSA solution at room temperature under darkroom 

conditions. After stirring constantly for 8 hours, the solution was dialyzed extensively at 4°C. Based on the absorbance 

at 460 nanometers, it was calculated that 8.64 ANP groups were coupled per CSA molecule. 

Pieces of polyurethane tubing f PUT), having their ends plugged with small pieces of glass rod to prevent Gquid 

from getting inside, were immersed in the above solution for 2 hours in the dark. These pieces were then removed and 
10 exposed to visible light for 1 hour. This procedure was repeated one more time for each piece. The PUT pieces were 

then immersed in the ANP-EAC-CSA solution overnight followed by a one hour exposure to visible light. 

Thirty milligrams of polyoxyethyiene bisamine (PEG-diamine, "Jeffamine ED 200 V from Texaco, of about 2000 

molecular weight) were dissolved in 1 milliliter of water and the pH was adjusted to 4.0 with 1N HCI. Separately, 200 

milligrams of 1 -etny1-3-(3-dimethyl- aminopropyl)-carbodiimide (EDC) were dissolved in 5 milliliters of water. The PUT 
75 samples were immersed in the EDC solution, then the PEG-diamine solution was added. The reaction was then allowed 

to proceed for two hours at room temperature, after which, another 200 milligrams of EDC was added and the-reaction 

mixture was permitted to stand overnight. 

The PUT pieces were reacted with 1.25% glutaraldehyde at pH 6.8 overnight at room temperature, rinsed, and 

immersed in a solution of urokinase (8.3 units/mi lliliter, about 2-3 milligrams/milliiiter) and allowed to react overnight at 
2d 4°C The tubes were washed to remove uncoupled urokinase and were then assayed for urokinase activity by activation 

of plasminogen and digestion of azocasein. Measurements indicated that 0.188 micrograms of urokinase had become 

immobilized per piece of polyurethane tubing. 

Example 3 

25 

Endothelial Cell Attachment/Growth 

Various cell factors were coupled to polymeric surfaces tested iq vitro to determine the effect of these factors upon 
cell attachment and overgrowth. The polymeric surfaces included polyvinyl chloride (PVC), polyethylene (PE). polypro- 

30 pylene (PP) and polytetra- f luoroethylene (PTFE) GORE-TEX (6mm reinforced expanded PTFE, a trademarked product 
of W. L Gore and Associates, Inc.). Commercial tubing tested included polyester (Dacron, D. 6mm straight knitted dacron 
velour, a trademarked product of Dupont). silicone elastomer, (Silastic®, "S", 0.03-inch I.D., tubing, a trademarked prod- 
uct of Dow Corning) and polyurethane. Polystyrene plates were used as controls. 

Chemical Unking Moieties . Trie chemical linking moieties used in these examples were the N-oxysuccinimide (NOS)' 

35 esters of 4-azido-2-n*rtrophenyl epsilon amino caproic acid (ANP-EAC), 4-azido-2-nitro-phenyl amino undecanoic acid 
(ANP-AUDA) and benzoylbenzoic acid (BBA), 

Covalent Binding of Collagen to Spacers . Collagen was diluted to 2.0 mg/ml in 0.1 M MES. pH 5.0. ANP-PEG-NH 2 
or BBA-PEG-NH 2 (molecular weight 1 450) was added in a 10X molar excess over the collagen. Next, three 1 0 X molar 
excesses of EDC were added at half hour intervals. After four hours of stirring at room temperature, the product was 

40 dialyzed against PBS to remove non-covalently bound photoreagents and PEG-NH 2 spacers. The product was analyzed 
by U V spectroscopy and protein assay to determine the photogroup:protein ratios. A ratio of 1 1 was commonly observed. 

Covalent Binding of Biocompatible Agents to Plastic Surfaces . Various sheets, tubes andf lat pieces of polyethylene, 
polyvinyl chloride, polypropylene, polyurethane, Dacron R (velour), Silastic 0 (medical grade), and polytetrafluroethylene 
above were used. A 0.05ml aliquot of solutions containing 0 to 500 ug/nrtf of the photolabeled biocompatible agent pre- 

45 pared as above was added to each 0.5 cm* section of plastic surfaca The solution was allowed to adsorb onto each 
piece for 3 hours at room temperature in the dark. The excess liquid was removed and the biocompatfcle agents were 
covalently linked to the surfaces by photolysis for 12 hours at the appropriate wavelength (Tungsten spotl'rte for ANP and 
long wavelength UV for BBA). After photolysis, the specimens were washed with a 4 second stream of PBS to remove 
non-covalently linked molecules of photolabeled biocompatible agent The pieces were then placed in tissue culture to 

so assess the endothelial cell reaction to the cell factors, reported below. 

In Vrtro Tests Performed with Modified Surfaces . 

A. Radio-labeled biocompatible agents. 
55 Radiolabeled pH] collagen was photolabeled as described above to provide ANP-EAC-PEG-Collagen, the latter being 
photocoupled to plastic surfaces. The plastics surfaces were extensively washed with PBS, then dissolved in organic 
solvent and counted by liquid scintillation spectrometry. Some representative results are given in the Table 1 , evidencing 
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covalent coupling to the surfaces. 





Table 1 


Solid Surface 


Ng Carowth Factor Applied/cm* 


Ng Growth Factor Photocoupled/crri2 


% Coupling Efficiency 


PVC 
Polyurethane 


2680 " 
2680 


374 
2170 


14.0 
81.3 
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Table 2 



Biocompatible agent and 
chemicaMinking moiety 


Ng growth factor/crri* 


3-day cell counts 


7-day cell counts 


7-day outgrowth 


ANP-EAC-PEG^JEFF-COL 
Control PVC 


374.0 


14500 
0 


15800 
7 


1.0-3.0mm 
1.5-2.0mm 
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These results demonstrated that the covalent attachment of the growth factors ftoronectin (FN) and collagen (COL) 
to the plastic surface improved the biocompatibility of the plastic with bovine endothelial cells. The cells preferentially 
attached to the modified surfaces versus control surfaces, as indicated by the distance they grew out over the plastic 
surface. 

Example 4 

Modification of the Surfaces of Contact Lenses and Introcular Lens Implants 

The experiments described in this example involved measuring the in yjiro_ protein deposition from artificial tear 
solutions onto prepared lenses in comparison to non-treated lenses. 

Binding Biocompatible Agents to the Chemical Lin king Moiety. 

A. Preparation of Photolabeled Polyethylene Glycols . Polyethylene glycols of molecular weights 1000 (PEG-1000) 
and 4000 (PEG-4000) were labeled with fluoronitroazidobenzene (FNAB) by modification of the phase transfer method 
of Kimura, and S. Regen, Journal of Organic Chemistry 48; 195 (1983). the teachings of which are incorporated by 
reference herein. Briefly, the phase-transfer synthesis of 4-azido-2-nitrophenyl polyethylene glycol (ANP-PEG) involved 
the mixture of 60% aqueous potassium hydroxide toluene with FNAB and PEG. followed by extraction and thin layer 
chromatographic (TLC) purification as described below. 

ANP-PEG-1000 . ANP-PEG-1 000 was prepared by adding 0.05 mmole PEG-1 000 to 5 mis 60% KOH and 0.5 mmole 
FNAB to 10 ml toluene. This reaction mixture was rapidly stirred at room temperature for 16 hours. The product was 
isolated from the organic solvent layer. This layer chromatography (TLC") in 85/1 5/1/1 chloroform/methanol/HzO/ acetic 
acid or ammonium hydroxide separated mono- and di- substituted derivatives of ANP-PEG-1000 from unlabeled PEG. 
The band corresponding to ANP-PEG-1000 (lower R, value) was extracted from silica gel with TLC solvent and azeo- 
trophed to remove residual acid or base. The final product was soluble in water and resulted in the conversion of 30- 
40% of the PEG starting material to ANP-PEG-OH product. 

ANP-PEG-4000 . The ANP-PEG-4000 was prepared by the same procedure's that described above except that 
the reaction mixture was rapidly stirred at 50°C to ensure all reagents remained in solution during the course of the 
reaction. The yield of ANP-PEG-4000-OH was 10%. 

B. Preparation of Photolabeled Spacers . Polyaxypropylenepolyamines and polyoxyethylenepolyamines (referred to 
as Meffamines", a trademark of Jefferson Chemical Co.. Inc.) were photolabeled by coupling the N-oxysuccinimide 
("NOS") esters of ANP-EACA. BBA and nBBA to the polymers. These NOS-derivatives were added in 0.5X amounts to 
1X Jeffamine in very dry (high purity) solvents (ANP-EAC-NOS in dry tetrahydrofuran, BBA-NOS in dry dioxane or 
dimethylformamide and nitro BBA-NOS in dry dioxane or dimethylformamide). After 16 hours of reaction at room tem- 
perature in the dark, the products were isolated by TLC in 85/1 5/1 /1/chloroform/methanol/H20/acetic acid. Monosubsti- 
tuted Jeffamine derivatives were extracted with the TLC solvent and azeotrophed with water to remove the residual 
acetic acid. The water-soluble products ANP-EAC^Jeffamine. BBA^Jeffamine, and nBBA^Jeffamine were isolated in 15%. 
1 0% and 1 2% yields, respectively. 

C. Preparation of ANP-Hyaluronic Acid . The terminal sugar of human placental hyaluronic acid (MWappI 00,000- 
130.000) was activated by the periodate procedure described in E. Junowicz and S.E. Charm, The Derivatization of 
Oxidized Polysaccarides for Protein Immobilization and Affinity Chromatography." Biochimica et Biophysics Ac& Vol. 
428: 157-165 (1976). incorporated herein by reference. This procedure entailed adding Sodium or potassium periodate 
to a solution of hyaluronic acid thus activating the terminal sugar. The hyaluronic acid was added to a 10-fold excess of 
Jeffamine and allowed to react 4 hours at room temperature. The linkages were stabilized by reduction with sodium 
cyanoborohydride, followed by exhaustive dialysis to remove most of the excess Jeffamine. A 10-fold molar excess of 
ANP-EAC-NOS in DMF was added to the Jefferrtine-hyaluronate in 0.1 M carbonate, pH 9.0. by syringe driva This 
addition required 16 hours and was conducted at room temperature in the dark. The excess ANP-EAC-NOS and ANP- 
EAC-Jeffamine was removed by gel filtration chromatography. The integrity of the azide group, required for photocoupling 
of the moiety to the contact lens polymer backbone, was analyzed by infrared spectroscopy to detect the ANP group, a 
polyethylene glycol assay to detect the Jeffamine spacer, and a modified carbazole assay described in T. Bitter and H. 
Miir. Analytical Biochemistry Vol. 4: 330-334 (1962) to determine the uronic acid content of the derivative. 

The fractions containing one ANP. one Jeffamine and one hyaluronate molecule were pooled and used as a bio- 
compatible agent 

D. Preparation of Photolabeled Hyaluronic Acid and Chori droitin Sulfate. 

ANP-EAC-Jeffamine. BBA^effemine and nttro-BBA^effamine were linked to the carboxyl groups of uronic acid residues 
of hyaluronic acid and chondroitin sulfate by a carbodiimide procedure as follows. A 5 molar excess of photolabeled 
Jeffamine and 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide with HCI was mixed with the polysaccharide polymer in 
water adjusted to pH 4.5 with 0. 1 N HCI. The mixture was allowed to react at room temperature in the dark for 24 hours. 
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d'Lai^va ^ * M ^ *« » P^otogroup and carbohydrate content as 

2. PhOtocwplinq Bipr^tihlP Agents tP Lens Sl.rfa r; ^ . The photolabded biocompatibles agents obtained above 
were added to contact lens materials at a concentration of 250-1000 pmole aqerXntart SrS«l2. 
allowed to adsorb onto the contact lenses at room temperature m^ZST^^Tl^^ *** 
were then covalerrty linked to the P ^ 

and 320 nm for BBA and nBBA derivatives). After photolysis, the contact SSSZSSS, SriJZiZ 
salme (0.85% NaCl) to remove non-covalently linked groups. ^eswere washed with 5x5 ml of normal 

3. In Vitro Protein . Adsorption $Mm . Artificial human tears were prepared according tn tti a tnrm ..i* ^ w »» 

Ca St Louis. MO (1981) the teach.ngs of which are incorporated herein. As indicated in that referer*e*e S 
pro e ns preserrt in human tears are serum albumin (HSA). gamma-globulin (HGG), and lysine S3 ^ e 3 
sterols present in human tears are cholesterol and cholesterol esters. "wwwummoi 

Preparation Pf Artificial Tears, The radiolabeled proteins described above were used in nr^^ n ^ ■ ,* 
One of the radiolabeled proteins or treated cholesterol was included* tTrSe f^o^co^ 
notradiolabeled-Thecontertlensmaterialswereincubatedin 

agrlaton. At the end of this time the lens materials were washed with 5 x 10mh 3T08SX SSTjl JL J? *T 
adsorbed to the .ens materials was then determined by liquid scinZtor S£ ^ * Pr0te ' n 

of^*^ 



Example 6 

Coupling of nimsto Solid Surfaces 



r>aroH^F-| 3 ' a ' >e ' e< »^ er '^^ eS °* n ^ a ' uron ' c ac ' a ' (ANP-EAC-Jeffamine, BBA-Jeffamineand nrtro-BBA-Jeffamine) are pre 
pared. Rims are formed from the photoreacbVe coating material and placed on !, P 

he artrf .eel J0 .nt. The Mm is then covalently attached to the joint by illumination at 400 to 450 nmtoa hnL TJ?£1 

ESJfT h l physi0,0 9 ical «*» to re ™* ""coupled MP-EAuJZZ£™Z ^Inte a^d 
bound to the bone reduces friction and reduces wearing of the bone in the joint area "yaluron.c acd 

Example 7 

This experiment describes the covalent attachment of biomolecules to commercial Interocular Lens f eu material* 
to improve the long-term biocompatibility of the IOL with the eye. 'nterocuiar Lens (IOL) matenals 

Synthesis of Photorflagftnt e 

Azido^lrtrophBrtyl-nrniiris . The fluro-nflro-aado benzene (TNABT coupling group was prepared from iMunr^ 
nrtro-aniOne. The aniline (10.0 g) was added to 60 ml MO and 10 ml P re Pared from 4-fluoro-3- 

stirring. A 5.60 g portion of Narfo, J££2i T^lTfi V5i ^ZT^ZT^M ST 

1 ?. m,nUteS - COmp,e,i0n 01 1,16 addifion - 1,16 mixture w « stirredan aAfiBmrtW^S^^ 

W ri d£^ 3 , SD ^ A 1010 9 < 50 ^e) portion of 3.5-dichloro-2 4 6- trifluoro- 

Z aSdfn ltl5 mo T d ^ ^ dDuted ** 20 01 ««—*■* ^ " n^oie (£5 5 
! „r. ,n 1 _°; 15 mo P° rtons at "Mm temperature and the reaction was monitored for exothermic reaction 
J*"* to have ,imited in the acetonitrile. The reaction was allowed to ZtoTZ^^Z 

hours Thn layer chromatography ("TLC") in a petroleum ether solvent system indicated that S 5 to s^nfma^S 
had been reacted. The acetonrtrile was removed under reduced pressure on.codw* J^^t^SS 
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of an oily solid. The product was dissolved in 40 mi ether and 1 0 rrt HzO. shaken in a separatory funnel , and the aqueous 
layer was removed The ether layer was washed with Hfi and the combined water washes were back extracted with 
10 ml ether. The combined organic fractions were dried over MgS0 4 . The TLC demonstrated the formation of product 
A 95.7% weight yietd of crude product in the form of a dear oil was obtained. 

Synthesis of Photolabeled Surface Modification Reagents . The structures of the photolabeled surface modification 
reagents are given in Table 4. The derivatives of the polyethylene glycols (TEG") were prepared by methods referred 
to in the previous examples. The 4-Azido-3.5-Dichloro-2,6-Dif luoro-Pyridine derivative of the PEG'S was accomplished 
by addition of this group to bis-amino-PEG's. followed by purification by thin layer chromatography on an 85:15:1:1 
chloroform:methanoI:HiO:acetic acid system. 

The photoactivatable derivatives of hyaluronic acid and chondroitin sulfate were prepared by addition of ANP-PtG- 
NH 2 BBA-PEG-NH 2 or N-(4-Azido-3.5-Dichloro-6-Fluoro- Pyridinyl)-PEG-NH 2 to a solution of the hyaluronic acid sub- 
stance in the presence of water soluble carbodiirrtide 1 -ethyl-3-(3-dimethylamino-propyl) carbodiimide (EDC). The result- 
ing derivatives were purified by gel filtration chromatography on a Bio-Rad P-200 column or by dialysis and were 
examined by uronic acid analysis polyethylene glycol assay, spectrophotometry analysis to determine the presence of 
the photogroup and by infrared spectroscopy to assess the integrity of the azido or carbonyl functions of the photogroups. 
Further explanations of the synthesis and characterization of these agents are described below. 

Prnredure for C ou pling Photoarouos to Collagen . Collagen was diluted to 2.0 mg/ml in 0.1 M MES. pH 5.0. ANP- 
PEG-NH 2 (molecular weight 1 450) was added in a 10X molar excess over the collagen. Next, three 1 0 X molar excesses 
of EDC were added at half hour intervals. After four hours of stirring at room temperature, the product was dialyzed 
against PBS to remove non-covalently bound photoreagents and PEG-NH 2 spacers. The product was analyzed by UV 
spectroscopy and protein assay to determine the photogroup:protein ratios. A ratio of 1 1 was commonly observed. 

pre paration of ANP-PEG-NH, BBA-PEG-NH, fl nd ADDP-PEQ-NHfr The Bis-amino poly(oxyethylene)glycol and 
poly(axypropylene) glycol polymers were labeled with the photoactivatable coupling reagents in a manner similar to that 
described for proteins, but both the polymers and the photogroups were soluble in organic solvent. A 0.5X molar ratio 
of photogroup to PEG was added to the synthetic polymer in dry solvent (dioxane. dimethyl formamide or tetrahydrofuran) 
and left to stir at room temperature in the dark tor 16 hours. At the end of that time, the mono-labeled PEG product was 
purified from the starting materials by thin layer chromatography in an 85:15:1 :1 chloroform:metr*noi:H20:acetic acid 
system 

preparation of ANP-PEG-1450 . The ANP-PEG was prepared in general by the Phase Transfer reaction previously 
referred to. Fluoro-nitro-azido benzene and the PEG were dissolved in toluene, followed by the addition of KOH to give 
a final concentration of 60%. The mixture was stirred to insure emulsion formation and heated at 35-40°C for a total of 
18 hours The reaction was monitored by TLC using a 9:1 CHzCl^methanol solvent system. The di-ANP and mono- 
ANP products were visualized under UV light and all three products gave an orange coloration with Dragendorff s reagent. 
A selective extraction procedure was established for the mixture based on carefully increasing the ionic strength of the 
aqueous layer to force the PEG products into the toluene based on their relative polarities. After cooling the reaction 
mixture the KOH layer was removed. Careful additions of saturated NaCI were made and the resulting toluene layers 
were monitored by TLC to assess the distribution of the free PEG, mono-ANP-PEG and di-ANP-PEG products. After all 
of the di-product had been removed, solid NaCI was added to the aqueous layer, and the mono-ANP product was 
extracted from the mixture with toluene. The extractions were repeated until TLC showed no more mono-ANP m the 
toluene layer. These extracts were combined, dried over MgS0 4 and evaporated under reduced pressure to give the 

desired mono-ANP-PEG product ■ _ t*^ 

Preparation of Hyaluronic Acid and Chondroitin Sulfate der'ivatize d with Photoactivatable Coupling Reagents. The 
terminal amino groups of ANP-EAC-PEG-NH 2 or BBA-PEG-NH 2 were coupled to the cartooxyl groups of the hyaluronic 
acid a chondroitin sulfate using 1-ethyl-3-(3<iimethylaminc-propyl) carbodiimide (EDC). The hyaluronic aad was dis- 
45 solved in 0 1 MES buffer. pH 5.0; An amount of ANP-EAC-PEG-NH 2 or BBA-PEG-NH 2 equal to a 5X molar excess over 
the carbohydrate was added. Next, solid EDC was added at 5.0 X molar ratios over the polysaccharide in three allotments 
over the course of one hour. After 6-8 hours of stirring, the products were purified by dialysis. The products were analyzed 
by UV spectroscopy, uronic acid assay and PEG assay to determine the photogroup:spacerpolysacchande ratios. A 
typical ratio of 10 phorogroups to one hyaluronic acid and 9 photogroups to each chondroitin sulfate molecule was 
so obtained. 
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compounds referred to herein are depicted in the following Tables 3 and 4. 

TABLE 3. 

Compound Structure 



N0 2 



Fluoronltroazldobenzene 

(FNAS) N 3\Q>- 



Az!do-nKroph«nyl- NO a o 

«psUon amino caprolc /7=rC h 9 /v. 

N-oxysucclnlmlde N z ~ < SJ/~ mN -^2 ) s ~C-0-N J 

(ANP-EAC-NOS) X — f V> 



i 



Benzoyl benzoic add rrr\ > — v 9 



Benzol benzole — 0 0 % 



CI F 

4-azIdo-3,5-D!chloro- \ / 

2,6-DMuoro-Pyrldlne N _/fV N 
(ADOP) >^< 

CI F 
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TABLE 4. 

Structure 



-OH 

n 



Compound 

Azido-nltro-phsnyl- NOa 
polyethylene . — ( 

glycol N 3 {0>K c Vn"° H 
(ANP-PEG-1450) W 



Senxoylbe^oic- 0 o 

polyethylene ^5)-C-{o)-^-N-CH 2 -CH 2 - (oCH^) 

a'ycol 
(BBA-PEG-USO) 



Azido-nitro-phen>4- 

epstlon-amino- caproic- 
polyethyiene glycol 

cmine no 2 0 

(ANP-PEG-NH,) Nj ^_H_ (CH2 ) 8 -S-!!.CH 2 CH 2 -(CCH 2 =H 2 ,- N H 

Benzoyl-benzoic polyethylene 

Glycol— amine Q Q 

(B8A-PEG-NH Z ) ^S^G^C-K-CH 2 CH 3 -(0CH 2 CH 2 ) n -NH 2 



^- ozldo- 3.5- dlchloro- 2- flu oro- f jridvj | 
amino polyethylene glycol 
amine 

(ADOP-PEG-NHfc) 

CI F 

cOl-CHCH,- OCHCH 2 ) Q -rOCH 2 CH 2 ) fc - (OCI^CHJJ. - Nl 
H 



13 



EP 0407 390 B1 



Compound 



. TABLE 4. 
(continued) 



10 



IS 
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25 



Azido-nitro-phenyl-epsilon 
amino- caproic polyethylene 
glycol hyaluronic acid 
(ANP-PEG-HYAL) 



Benzoyl benzoic polyethylene 
glycol hyaluronic acid 
(BBA-PEG-HYAL) 



Structure 



CH 2 0H 




30 



35 



Azido-nitro— phenyl-epsilon- 
amino— caproic— polyethylene 
glycol chondroitin sulfate 
(ANP-PEG-CHON) 



PEG -AN P 

^° H0 2fcH 2 0H 
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SO 



P*™** Po'^en, siHcon, 

been dissolved in Hfi. KbmeS S^ITT^ " ***" * the «*" *«* ted 

^amofairornftrogS.Thesurfa^^^ removed and quickly dried under a 

wavefength. The .ens pieces were lZ*Z£ZZ^^ 

affected the surfaces of the lenses, scannina llJZn H £J° det e«™e whether this coating procedure 

finishes on coated versus c^StsT ^ (SEM) perf ° rmed to the polish and 

the maximum number of micrograms of surSmS^n Y T' d sc,nt,l,at,on spectrometry to determine 

efficiencies of counting mnS^JSl^SS^^S!* ?* equare Centimeter * Serial. The 
so that accurate asseLe^ ^ * ,abe,ed * each of these matrices 
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acry.ate (PMMA). Table 5 below illustrated the 2^3S^ "* P 01 ^™*- 
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Tables 
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Modification Solution 


Matrix* 1 * 


ng Applied cm 2 


ng Bouund cm 2 


% Coupled 


ANP-PEG-Collagen 


PVC 


788.26+13.53 


271.32+10.70 


34.42% 




PP 


788.26+13.53 


167.08+ 18.28 


21.19% 




PE 


788.26+13.53 


144.78+17.68 


18.37% 




Sil/Dow 


788.26+13.53 


121.64+16.16 


15.43% 




Sil/Dow 


43.92+ 3.85 


37.22+ 8.34 


84.74% 




Sil/Ref 


788.26+13.53 


136.40+ 39.86 


17.30% 




Sfl/Ref 


43.92+ 3.85 


20.92+ 5.78 


47.63% 




PMMA 


1392.68+ 23.90 


180.49+ 29.75 


12.96% 




PMMA 


77.59+ 6.80 


24.26+ 4.33 


31.27% 


ANP-PEG-HYAL< 2 > 


PVC 


892.20+122.38 


394.84+ 5£74 


44.25% 




PP 


892.20+122.38 


221.14+24.86 


24.78% 




PE 


892.20+122.38 


283.564-14.78 


31.78% 




Sil/Dow 


892.20+122.38 


401.23+ 92.03 


44.97% 




Sil/Ref 


892.20+122.38 


507.87+115.44 


31.84% 



(1) Matrix pieces were of 0.5 cm 2 areas, except the PMMA 

(2) HYAL=Hyaluronic acid 



pieces which were 0.283 cm 2 . 
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Wettability Measurements . Wettability measurements of coated versus uncoated lOL's of commercial PMMA or 
silicone films were made substantially as shown in "Protocol for Contact Angle Measurements at the Polymer-Water 
Interface". Appendix 7 of Guidelines far Blood-Material Interactions: Report o f t he National Hear t , Lung, and Blood 
institute Working Group. U.S. Department of Health and Human Services, page A-30. September, 1985. There was 
statistically significant improvement of the wettabilities of both PMMA and silicone materials when surface-modified. 
This was indicated by lower contact angle measurements on surface-modified lenses as compared to control lenses.- 
as illustrated in Table 6 below. There is significant improvement of wettability with the coatings on both materials. 

Table 6 



40 



45 



SO 



Lens Material 


Coating 


Mean Contact Angle 


PMMA, 


Uncoated Control 


80.45 + 2.39 




ANP-PEG-NH 2 


67.20 + 6.70 




BBA-PEG-HYAL 


74.65 + 3.93 


Silicone 


None 


102.3 + 2.75 




ANP-PEG-NH 2 


93.50 + 2.87 




BBA-PEG-NH 2 


90.40 + 4.10 




ANP-PEG-HYAL 


66.50 + 5.37 


(1 } Mean contact angles are based on measurements of 1 0 left angles 
and 10 right angles for each coating and control. 



Protein Adsorption Studies. The adsorption of proteins to the surface-modified versus control IOL materials was 
55 measured. 

Tritiated type IV collagen, human serum albumin and human plasma f ibronectin was prepared and cfiluted in Tear 
Electrolyte Solution. Goor, aP. The Lacrimal Apparatus", in ^trier's Phvsinlonv of the Eve- Clinical tapficafaps , (R.A. 
Moses, ed.). C.V. Mosby Co.. St Louis. MO. (1981). The modified and control PMMA lenses were then added to these 
solutions and allowed to adsorb proteins for seven days. At the end of that time, each lens was washed with buffered 



15 



EP 0407 390 B1 



saline, dissolved in tetrahydrofuran. and analyzed by liquid scintillation _ 

to control PMMA lenses was compared to the •amount ad^S?!n ! ectrometry. The amounts of protein adsorbed 

given in Table 7 below * adSOfbed t0 surt *»-™dified PMMA lenses, and the results are 



Surface-Modification 


Protein 


Table 7 

Mean Microgram Protein/Lens* 1 * 




Control 


Collagen 


0.76 + .02 


Mean % Reduction in Protein Adsorption 


ANP-PEG-HYAL 


Collagen 


0.53 + .05 


30.26 


Control 


Fibronectin 


0.18 + .003 


ANP-PEG-HYAL 


Fibronectin 


0.1 4 + .005 


22.22 


Control 


HSA 


0.1 5 + .006 


ANP-PEG-HYAL 


HSA 


0.10 + .011 


33.33 
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(1) The values for mean microgram protein/tens are the results of four replicates. 
pro pySST:^ 

gents, photolyzed. and washed extensively ^MclZ^Z r J* Wrth var,ous modification rea- 

from fetal animals 8-24 inches in^ 

Eag.e medium [69.70] wrth £ ^SSSJSS ^ZZ^^i '^ * ^ 
at 37'C. The piece of cornea was then Dlaced onon J ZoH ? 1 ^ 25 """W"" anphotericin B/ml 

center of the PMMA lenses. cTaSS ^wa ^ ZiSd fo^^T'^ 68 * ' 0Lmatrix materia,s - or in •» 
wasdeterminedbymeasurementinmm ShSmSSh^r ^ 1,18 0Ut9r0Wth <* Ce,ls across *• 
stain or trypan blue stain j n ortTto^ 

endothehal and epithelial mVbSvs^^I ^ '° retand adhesfon of *» corneal 

that the surfcee^ica^^ 
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Matrix 


Modification Reagent 


Mean Outgrowth 


. — ... , sua* v^-u 1 iccii 1 issues 
Viability Rating 


PMMA 


None 




+3 




ANP-PEG-Collagen 




+3-+4 




BBA-PEG-HYAL 




+3-+4 




ANP-PEG-HYAL 




+3-+4 


Silicone 


None 


0.00-0.10 mm 


+1-+2 




ANP-PEG-Collagen 


3.20 mm 


+3-+4 




ANP-PEG-HYAL 


0.47 mm 


+3 




BBA-PEG-HYAL 


0.67 mm 


+3 


Polypropylene 


None 


1.44 mm 


+2-+3 




ANP-PEG-Collagen 


5.00 mm 


+3-+4 




ANP-PEG-HYAL 


0.71 mm 


+3 




BBA-PEG-HYAL 


0.55 mm 


+2-+3 


(1) Viability rating 
being fully viable, 


u "tic Ua^eU u.i d stale of +1 bang no growth or just cell debris and +4" 
compact growth of cells. 
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and gently placed on the corneal button. Using very gentle taps (not pulling on the haptics), the lens was pushed across 
the corneal buttom twice at 90 degree angles from each other. The lens was then removed from the button by carefully 
grasping the haptic and gently sliding it off the button in a diagonal direction. The endothelium was then stained with 2- 
3 drops of a 25% stock solution of trypan blue for 1 .5 minutes, rinsed, then stained with 2-3 drops of alizarin red (which 
was titrated to a pH of 4.2 with a solution of 0.1% NH 4 OH in 9.9% NaCI) for 3.5 minutes. Each lens was tested on 10 
corneal buttons and the percentage of endothelial damage was estimated by reference to photographs showing varying 
degrees of endothelial damage. The treated lenses caused significantly less damage. The results of these stucfies are 
presented in Table 9 below. 



Table 9 



Surface-Modification Reagent 


% Endothelial Cell Damage 


Standard Deviation 


Control Corneas 


1.57% 


+ 0.73% 


None 


22.75% 


+ 5.41% 


None 


18.30% 


+ 6.89% 


None 


25.75% 


+ 4.62% 


ANP-PEG-HYAL 


14.75% 


+ 4.80% 


ANP-PEG-HYAL 


13.25% 


+ 5.60% 


BBA-PEG-HYAL 


17.00% 


+ 6.40% 


BBA-PEG-HYAL 


13.00% 


+ 4.30% 



I. Evaluation of the Biocompatibilitv of the Surface-Modified IQL's in the Cat Model. 

Preoperative Evaluation . Ten healthy, unconditioned female cats ages 1.5 to 2.5 years of age were obtained from 
a commercial breeding colony. On the day of surgery, maximal pupil dilatation was achieved with topical ip% phe- 
nylephrine drops. An extracapsular cataract extraction was performed us in phacofragmentation and irrigation/aspira- 
tion. Lenses were individually numbered so that each cat received a control lens in one eye and a surface-modified IOL 
in the other. The surgeon did not know which lenses were coated and which were uncoated. Intraocular lenses were 
placed in the bag or the posterior sulcus. Once the leris was in position, the corneal section was closed with 8-0 nylon 
sutures. All animals under study were evaluated at 24 hours, 48 hours, one week and two weeks. Postoperative evaluation 
consisted of biomicroscopic evaluation for evidence of inflammatory damage as well as corneal endothelial cell studies.' 
All animals were graded for inflammation. After animals were observed for the two week postoperative period, they were 
sacrificed and the eyes were taken for histological study. The eyes were fixed in Zenkers-Acetic acid and washed and 
stored in 70% alcohol. 

Results of the Cat Model . The cat model was used as an implantation system for preliminary assessment of the 
acceptance of surface-modified lOLs by a host system. The results of the McDonald-Shadduck (inflammation) scores 
and pachometric readings are given in Table 1 0 below. As was anticipated, there was a low grade uveitis in all animals 
under study resulting in transient inflammation and corneal edema which did not fully subside during the two week 
healing period. However, the animals in the study did not present evidence of abnormal response to the lenses based 
on either in yjyo or histological study. It was concluded that significant ocular abnormalities are not associated with 
coated intraocular lenses and that the endothelial cells of the cornea are protected by the coating process. 
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Cat# 



#1 



#2 



#3 



#4 



#5 



#6 



Table 10 

inVjyo Biocompatibility Assessments of Surface-Modified IQL's in the Cat MnH». 



Coating 

None 
ANP-PEG-HYAL 
None 

ANP-PEG-HYAL 
None 

ANP-PEG-HYAL 
None 

ANP-PEG-HYAL 
None 

ANP-PEG-Coli 
None 

ANP-PEG-Coll 



Mean McDonakJ-Shadduck Score 



Ohr 

"o" 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



24hr 
1.75 
1.75 
1.875 
1.625 
1.50 
1.50 
0.875 
0.875 
0.750 
0.750 
1.125 
1.125 



48hr 
1.375 
1.25 
1.875 
1.250 
1.50 
1.50 
0.875 
0.875 
0.500 
0.500 
0.750 
0.750 



7day 

0.50 

0.50 

0.50 

0.50 

0.50 

0.50 

0.375 

0.375 

0.375 

0.375 

0.875 

0.875 



14day 

0.375 

0.350 

0.375 

0.375 

0.375 

0.375 

0.350 

0.250 

0.250 

0.250 

0.375 

0.375 



Pachometric Readings 



Ohr 
571 
572 
586 
605 
648 
625 
537 
549 
584 
592 
569 
582 



24hr 
857 
714 
933 
686 
868 
860 
825 
757 
622 
624 
796 
736 



48hr 
802 
776 
796 
654 
924 
884 
691 
660 
685 
609 
659 
728 



7day 
"783 
695 
753 
679 
833 
831 
679 
663 
706 
678 
892 
706 



14day 
722 
649 
673 
645 
832 
791, 
650 
561 
830 
813 
663 
653 
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Example 8 

- ^Boine^aZT^^SS 

dimethyl lormamide or elhanol ThTLriintno^!!?^ »»» protein eoMon at a 4 mg/ml dMon t, 
caWM pratems were ^ZZSSS^^IT S"f °* * 4 '° °"" r 6 hou,s * ™» 

"enev««,^it,c^ e „z e „,^^ 

The N-oxRucdnimide esters ol ANP EA r ***** I and Inm layer diroiratasraphie purtncatoi 

Photocounlinn HyHrnphii;,. Soacerstn In^l. jble Simnnrte 
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dryness. (Some assistance was provided by placing the plates in a 70°C oven for 1 hour, followed by adsorption under 
a continuous air-flow hood.) The hydrophilic spaces were then covalentiy coupled to the Supports by photolysis. The 
supports were placed 10 cm from an appropriate high intensity lamp at 4°C for 12 hours. The noncovalently coupled 
spacers were then washed away with phosphate-buffered saline (PBS). 

5 Seohadex Gels. A 20 mg portion of Sephadex G-25-150 (Bead size 50-150 urn) was placed in a siliconized 12 x 
75 mm borosiiicate glass tube. 1 00-3000 ng of photoactivatable hydrophilic spacer was added to each tube. The solutions 
were left to adsorb to dryness. The time required for this process was reduced by placing the plates in a 70°C oven for 
1 hour, followed by adsorption under a continuous air-flow hood. The hydrophilic spacers were covalentiy coupled to the 
supports by photolysis. The tubes containing the gels were placed 10 cm from the appropriate high intensity lamp at 

io 4°C for 12 hours. The non-covalerrtly coupled spacers were then washed away with phosphate-buffered saline (PBS). 
After photocoupling the derivatized hydrophilic spacers to insoluble supports, the biomol ecules of interest (polyclonal 
antibodies against open-ring penicillin, human gamma globulin and monoclonal antibodies raised against HGG. and 
human afphafetoprotein and monoclonal antibodies raised against this tumor-associated antigen) were linked to the 
spacers by protein-protein coupling procedures. Two procedures were employed. Epsilon amino groups of biomolecules 

75 were coupled to terminal' amino groups of spacers with glutaraldehyde. Carboxyl groups of biomolecules were coupled 
to spacer amino groups with a water-soluble carbodiimide, 1 -ethyl-3-(3-dimethylamino propyl) carbodiimide HGI (EDC). 

Assessing Polyclonal Antbodiv Activities. 
Fractionated rabbit polyclonal antiserum. was radiolabeled. The amounts of antfoody coupled to the matrices by passive 
adsoprtion and via glutaraldehyde or EDC coupling through hydrophilic spacers were quantitated by liquid scintillation 

20 * spectrometry. The activities of the immobilized antibodies were assessed by addition of [ 1 -penicillin. The total (pmole 
[ 14 C]Pen) and specific activities (pmole [ 14 C]Pen/pmole immobilized anti-Pen) were determined by direct coupling and 
immobilization through hydrophilic spacers. 

Assessing Model M onoclonal Antibody Activities. 
The model pair of HGG and monoclonal anti-HGG was chosen for these tests. Radiolabeled HGG was coupled directly 

25 and through hydrophilic spacers to determine amounts of coupled antigen. Then, to assess immunoreactivities, non- 
radiolabeled HGG was coupled by these methods. Next, radiolabeled anti-HGG was added to the immogilized HGG. 
The immunoreactivities were assessed by liquid scintillation spectrometry. The ratios of pmole anti-HGG/pmoie HGG 
were compared for direct coupling and immobilization through hydrophilic spacer^. 

Tables 11 and 12 illustrate the efficiency of coupling photoreactive spacers to polystyrene microtiter plates and to 

30 Sephadex gel. 



Table 11 





EFFICIENCIES OF COUPLING PHOTORE ACTION SPACERS TO POLYSTYRENE MICROTITER PLATES* 


35 


Sample 


ng Applied 


Mean ng Coupled/Well 


% Coupled 




ANP-BSA 


454.4±14.1 


409.518.6 


83.511.7 




BBA-BSA 


393.4110.4 


309.5111.6 


76.5±2.9 




ADDP-BSA 


438.0±14.1 


281.015.6 


72.210.8 


40 


ANP-OVO 


703.7±27.1 


662.6130.1 


94.814.8 




BBA-OVO 


364.0112.6 


194.6119.9 


55.414.7 




ANP-RN 


533.5184.0 


474.5113.0 


91.612.78 


45 


BBA-RN 


466.8142.2 


338.8118.0 


72.613.8 




ANP-JEFF 


785.5c±20.9 


75.9*0.9 


9.511.3 




BBA-JEFF 


466.1142.5 


48.613.8 


10.5cfc0.8 



*The values are representations from the compiled data of two experiments. 

SO 
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Table 12 



Efficiencies of Coupling Photoreactive Spacers to Sephadex G-1S0-120 





Sample 


ng Spacer Added 


Moan nn Spacer Coupled 
a 20 mg Gel 


% Spacer Coupled to 20 mg Gel 




BSA 

ANP-BSA 


248.813.15 


8.39+1.23 


3.38+0.49 




253.91114.96 


1 6.8913.65 


6.6511.44 


10 


BBA-BSA 


132.01+2.00 


1 2.06*2.32 


9.1411.76 




ADDP-BSA 


224.17±8.15 


13.7613.17 


6.1311.41 




RN 


270.7±2.03 


18.28*2.22 


6.7510.82 


15 


ANP-RN 


180.15±1.93 


20.6411.30 


11.4610.72 




BBA-RN 


245.4512.02 


13.9110.99 


5.6710.40 




OVO 


224.3±1.13 


18.3411.49 


8.1710.66 




ANP-OVO 


136.3+1.01 


8.78+0.88 


6.4410.64 


20 


BBA-OVO 


60.90±0.39 


7.1710.56 


11.76+0.91 




ANP-JEFF* 


721.75+17.92 


13.49+2.74 


T.8710.38 






385.5016.18 


7.9211.57 


£0510.41 


25 


BBA-JEFF 


683.17113.02 


43.2713.23 


6.3310.47 






321.2117.99 


277812.01 


8.6510.62 



30 



35 



40 



45 



50 



•Negligible amounts of Jeffamine non-specifically adsorbed to the gels. 

Table 13 



Spacer 


Coupler 


ng Antibody Bound 


pmole Ben Bound 


pmole Pen/ug 
Antibody 


Total Activ- 
ity Ratio* 


None 


Adsorb 


510.9719.33 


16.15iO.39 


32.3111.55 


1.00 


None 


ANP 


364.04120.78 


20.6011.45 


56.58tt3.99 


1.28 


None 


BBA 


491.74120.95 


21 .3912.00 


43.49+4.07 


1.32 


ANP-BSA 


EDC 


143.4317.05 


27.5612.40 


200.3314.73 


1.71 


BBA-BSA 


EDC 


101.2418.12 


31.2611.25 


308.79+12.37 


1.94 


ANP-OVO 


EDC . 


173.62115.32 


19.4810.89 


112.2415.13 


1.21 


BBA-OVO 


EDC 


148.36+20.55 


20.9111.81 


140.98+12.23 


1.29 


ANP-RN 


EDC 


155.24+15.24 


31.8811.42 


205.4019.17 


1.97 


BBA-RN 


EDC 


129.12+7.53 


28.4612.43 


220.46118.89 


1.76 


ANP-JEFF 


EDC 


139.7317.73 


11.8010.63 


84.4414.53 


0.73 


BBA^JEFF 


EDC 


94.0213.20 


1 6.65+0.97 


177.08+10.38 


1.03 



Specific Activ- 
ity Rati02 



55 



1.00 

1.75 

1.34 

6.19 

9,56 

3.47 

4.36 

6.36 

6.82 

2.61 

5.48 



Specrfic Activity Rat© is the pmole Pen/microgram Antbody divided by the 



d in the adsorbed only wells. 

same ratio of the adsorbed only antibody wells. 
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.14 below, provides data from the comparisons of the activities of the immobilized model antigen, HGG, on 
; Th* cn^Hir artivitips of the immunoreactive pair (ng Anti-HGG/ng HGG) was improved substantially 



Table. 14, Deiow, proviaes aaia Tram uw wmfwnouno ovu».uw w. 

Sephadex gel. The specific activities of the immunoreactive pair (ng Anti-HGG/ng HGG) 
through the use of the spacers. 

Table 14 

SPECIFIC ACTIVITIES OF MONOCLONAL ANTI-HGG ANTIBODIES IMMOBILIZED ON SEPHADEX GELS 



Spacer 


Coupling 


ng HGG Bound 


ng Anti-HGG Bound 


ng Anti-HGG/ng HGG X 100 


None 


Adsorbed 


272.8±24.0 


11.92±1.1 


4.37 


None 


DEAE 


1674.4+33.2 


135.02+20.6 


8.06 


ANP-BSA 


Glut 


191 .8± 7.7 


135.42±1.8 


70.60 


ANP-BSA 


EDC 


173.1+5.5 


55.90+1.95 


32.28 


ANP-JEFF 


Glut- 


126.4+10.7 


52.08+3.53 


41.20 ' 


ANP-JEFF 


EDC 


50.0+12.7 


43.50+5.47 


86.95 



Table 15 shews the covalent coupling of HGG to a polyethylene glycol spacer bearing, at one end. a photogroup 
(ANP) and at the other a thermal group (NOS). the spacer being covalently bonded to a polyvinyl chlonde rrucrotiter 
plate through activation of the photogroup. Of interest, the data indicates that the ANP-PEG spacers themselves greatly 
reduce the amount of non-specific adsorption of HGG to the microtiter plates, indicating that plates having spacers 
covalently bound thereto allow facile specific coupling of biomolecules to the supports while reducing non-specific 
adsorption of the biomolecules. 

Table 15 



COUPLING OF HGG TO ANP-PEG-NOS DERIVATIZED POLYVINYL CHLORIDE MICROTITER PLATES 


Spacer 


Coupler 


ng HGG Applied/Well 


ng HGG Bound/Weil 


None 


Adsorb 


50 


4.5110.36 


ANP-PEG 


None 


50 


0.2Sfc0.08 


ANP-PEG 


NOS 


50 


9.64+0.39 


None 


Adsorb 


2000 


24.9041.30 


ANP-PEG 


None 


2000 


6.45+0.08 


ANP-PEG 


NOS 


2000 


39.651:1 .87 



While a preferred embodiment of the present invention has been described, it should be understood that various 
changes, adaptations and modifications may be made therein without departing from the spirit of the invention and the 
scope of the appended claims. 



Claims 
1 



A long chain spacer for tethering a biomolecule to a support surface without pre-activation of the support surface, 
the spacer having a chemical backbone bearing two reactive groups separated by a backbone extended chain length 
of not less than about 25 Angstroms, wfth no latent reactive groups therebetween, one such reactive group (I) being 
a latent photoreactive group capable of forming a covalent bond to the support surface in response to actinic radi- 
ation, and the other reactive group (II) being capable of forming a covalent bond to a biomolecule. 

2. The spacer of claim 1 wherein both of the reactive groups are latent reactive groups, one such group responding 
to a stimulus to which the other does not respond. 

3. The spacer of claim 1 or claim 2 in which the photoreactive group is an aryl azide derivative. 

4. The spacer of claim 1 or claim 2 in which the photoreactive group is an aryl ketone deriative. 
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5. 



r 6. ™e^°'anycneofclaimslto5v^ 

7. The spacer of any one of claims 1 to 5 which comprises a generally hydrophobic backbone chemica. chain. 
9 8. ^^cerofanyoneofc.a^ltoSinwhichthechemica.backbonecom^ 

9. ™ e ^°'anyonerfc^ 

10. The spacer of any one of claims 1 to 5 wherein the chemical backbone is a polypeptide. 

t 1 1. The spacer of any one of claims 1 to 5 wherein the chemical backbone is a polysaccharida 

1 3. A coating composition comprising the spacer of any one of claims 1 1« 19 ;« a ~ ■ ^ . 
tadno th. support surtao. with a, aqueous «Mon coni^STsS S eS^^L^ * P " 



22 



EP0 407 390 B1 



23. Method of any one of claims 16 to 22 for attaching a biomolecule to a support having a hydrophobic surface, com- 
prising 

(a) contacting the hydrophobic surface with an aqueous solution containing a hydrophilic spacer comprising a 
chemical chain carrying a relatively hydrophobic photoreactive group capable of covalently bonding to the sup- 
port surface; 

(b) stimulating the photoreactive group to cause it to covalently bond to the support surface; and 

(c) either before or after step (b). covalently bonding to said spacer a biomolecule, the spacer having an extended 
chain length between the support surface and the biomolecule of at least 25 Angstroms. 

24 Method of any one of claims 1 6 to 23 wherein a chemical spacer having a backbone chain of a chemical species 
that can be prepared in varying lengths without substantial variation in chemical properties is covalently bonded to 
a support surface and to a biomolecule. the spacer providing a distance between the surface and biomolecule. 
measured along the extended spacer length, of at least 25 Angstroms, and measuring the activity of the biomolecule, 
utilizing varying distances between the surface and biomolecule measured along the extended spacer length, each 
distance being greater than 25 Angstroms; and choosing the extended spacer length that provides the biomolecule 
with substantially optimum activity. 

25. A biomaterial having a support surface, a plurality of biomolecules, and spacers according to any one of claims 1 
to 1 2 covalently bonded via latent reactive groups to the support surface and covalently bonded to the biomolecules, 
said biomolecules being spaced from the support surface by a distance, measured along the extended length of 
the spacer, of at least 25 Angstroms. 



Patentanspruche 

1 Ein langkettiger Spacer zum Anbinden eines Biomolekuls an eine Trageroberfiache ohne Voraktivierung der Tra- 
geroberfiache. wobei der Spacer ein chemisches Grundgerust besitzt, das zwei reaktive Gruppen tragt. die durch 
ein Gerust erstreckter Ketteniange von nicht weniger als etwa 25 AngstrOm voneinander getrenrrt sind, ohne latent 
reaktive Gruppen dazwischen, wobei eine solche reaktive Gruppe (I) eine latent photoreaktive Gruppe ist, die zur 
Bildung einer kovalenten Bindung an die Trageroberfiache. in Antwort auf aktinische Strahlung. fahig ist und die 
andere reaktive Gruppe (II) zur Bildung einer kovalenten Bindung an ein Biomolekul fahig ist 

2. Spacer nach Anspruch 1 , worin beide reaktive Gruppen latent reaktive Gruppen sind. wobei eine solche Gruppe 
auf einen Reiz antwortet. auf den die andere nicht antwortet. 



3. Spacer nach Anspruch 1 oder'2, worin die photoreaktive Gruppe ein Arylazidderivat ist. 

4. Spacer nach Anspruch 1 Oder 2, worin die photoreaktive Gruppe ein Arylketonderivat ist ' 

5. Spacer nach Anspruch 3. der die Gruppe ANP-4-amino-butyryl t -ANP-6-aminocaproyl-. ANP-1 1 -aminoundecanoyl- 
, ANP-glycyl-, ANP-aminopropyl-, ANP-mercaptoethylamino-, ANP-diaminohexyl-, ANP<iiaminopropyl- oder ANP- 
polyethylenglykol umfaBt. 

6. Spacer nach irgendeinem der Anspruche 1 bis 5, der eine im allgemeinen hydrophile chemische GrundgerQstkette 
umfaBt 

7. Spacer nach irgendeinem der Anspruche 1 bis 5. der eine im allgemeinen hydrophobe chemische Grundgertistkette 
umfaBt. 

8. Spacer nach irgendeinem der Anspruche 1 bis 5, worin das chemische Grundgerust eine Vielzahl von Ethoxygrup- 
pen umfaBt. 

9. Spacer nach irgendeinem der Anspruche 1 bis 5, worin das chemische Grundgerust eine Vielzahl von Isopropoxy- 
gruppen umfaBt. 

10. Spacer nach irgendeinem der Anspruche 1 bis 5. worin das chemische Grundgerust ein Polypeptid ist 

1 1 . Spacer nach irgendeinem der AnsprGche 1 bis 5, worin das chemische Grundgerust ein Polysaccharid ist. 
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13. Eine Beschichtungszusammensetzung. welche den Spacer nach iraendeinem der An^mrh* 1 m. • • 
..Qssigen Trager umfaf*. worin die chemische Kette de?Spacers <SSK ££SS^ ST 

im AusmaB von wenigstens 0,5 Gew.-% bei 25°C loslich ist. "ussgen Trager 

15. Zusammensetzung nach Anspruch 14 in einem flussigen Trager worin die chemisrhp h~ 
-ktrveGruppenindemf^^ 

umfassend e.n Umsetzen einer latent photoreakth/en Gruppe eines lanqkettiaen Soaeers n**, ^ 
*f ^ebenen Trageroberf^nd Un«£2K3^ 

genen reakbven Gruppe mrt einem Biomolekul. *>pacer getra- 

1 9. Verfahren nach irgendeinem der AnsprOche 1 6 bis 18, worin die latent rpakth/o nr. ™* ♦ , ^ ^ 
i ? .wobeidasVer^ 

toreakfve Gruppe unter kovalenter Birxlung des Spacers an die TragercoerfBche artJSST ^ 

20. Verfahren nach irgendeinem der AnsprOche 16 bis 18. worin die Spacerkette im Veraleich *>,r Trznerr***,^ 
relajv hydrophil ist und worin die an die Trageroberfiache zu bindend?r4K^ 

ist.d.e.mVergleichz U mRestder Spacerkette relativ hydrophob ist. wobei das 'ySSS^SSS^SS^^ 
TrageroberflachemiteinerwaBrigenLOsunginKontaktzu brings 

Si** erm0S iCh6n ' in Bindungsnahe zur Trageroberfiache zu komSn und d«^£2S22S 
Strahlung auszusetzen. urn den Spacer durch die photoreakbve Gruppe an die TrageroberflSe^u^en 

^ZZ* MOdiraie T? 6iner J ra 9 eroberflach «. «»*«end an Inkorrtaktbringen der Trageroberfiache mit der 

22. Verfahren nach Anspruch 21. umfassend ein Inkorrtaktbringen der Trageroberfiache mit der T^Z^n***,.™ 
nach Anspruch isfor eine Zeitdauer von nicwwenigerals 3?^ 

WStmulierenderphoto^^ 

eL^^eK^ro,^ Bi0m ° h ,ek °J S x de " SpaCen entweder vor «*» nach *»»« W. wobei der Spacer 
StI Ketteniange zwischen der Trageroberfiache und dem Biomolekul von wenigstens 25 Angstrflm 

M * )JS!£!S T ir ? end ! inem der AnsprOche 16 bis 23. worin ein chemisctier Spacer mit einer GerOstkette einer 
chem,schen Spez.es. d,e ,n vanlerenden Ungen ohne wesentliche Anderung drd^J^ESS^TT 



24 




EP 0 407 390 B1 

gestellt werden kann, kovalent an eine Trageroberf lache und an ein Biomolekul gebunden wind, wobei der Spacer 
einen Abstand zwischen der Oberf lache und dem Biomolekul, gemessen entlang der erstreckten Spacerlange. von 
wenigstens 25 Angstrom liefert und Messen der Akttvrtat des Biomolekuls. indem variierende Abstande zwischen 
der Oberf lache und dem BiamolekOI. gemessen entlang der erstreckten Spacerlange, verwendet werden, wobei 
5 jeder Abstand grOBer als 25 Angstrom tst und Auswdhlen der erstreckten Spacerlange, welche das Biomolekul mit 
im weserrtlichen optimal er Aktivrtat versieht. 

25. En Biomateriai mit einer Trageroberf lache, einer Vielzahl von BiomolekOlen und Spacern nach irgendeinem der 
AnsprOche 1 bis 1 2, die fiber latent photoreaktive Gruppen an die Trageroberf lache gebunden sind und kovalent an 
w die Biomolekul e gebunden sind, woba die Biomolekul e von der Trageroberflache durch einen Abstand, gemessen 
erttland der erstreckten Lange des Spacers, von wenigstens 25 Angstrom beabstandet sind. 

Revendications 

75 1 . Espaceur a longue chaTne destine a attacher une biomolecule a une surface de support sans activation pr£alable 
de la surface de support I'espaceur comportant un squelette chimique comportant deux groupes r6actrfs separSs 
par une longueur de chaTne du squelette en extension d'au moins 25 Angstroms environ, sans groupes r^acttfs 
latents entre eux, Tun de ces groupes reactifs (I) 6tant un groupe photor^actrt latent capable de former une liaison 
covalente avec la surface de support en rgponse a un rayonnement actinique, et lautre groupe r^actif (II) 6tant 

20. capable de former une liaison covalente avec une biomolecule. 

2. Espaceur selon la revendication 1 , dans lequel les groupes reactifs sont tous deux des groupes r&actifs latents, Tun 
de ces groupes r6pondant a un stimulus auquet fautre ne r^pond pas. 

25 3. Espaceur selon la revendication 1 ou 2, dans lequel le groupe photor6actif est un deriv6 aryl azide. 

4. Espaceur selon la revendication 1 ou 2, dans lequel le groupe photor£actif est un d£riv& aryl c6tone. 

5. Espaceur selon la revendication 3, comprenant le groupe ANP-4-amino-butyryle, ANP-6-aminocaproyIe, ANP-1 1- 
30 amino-und§canoyle, ANP-glycyie. ANP-aminopropyle. ANP-mercapto-6thylamino, ANP-diaminohexyle, ANP-dia- 

minopropyle. ou ANP-poly6thy16ne glycol. 

6. Espaceur selon Tune des revendications 1 a 5, qui comprend une chaTne chimique formant squelette g6n6ralement 
hydrophiie. 

35 

7. Espaceur selon Tune des revendications 1 a 5, qui comprend une chaTne chimique formant squelette ggneralement 
hydrophobe. 

8. Espaceur selon Tune des revendications 1 a 5, dans lequel le squelette chimique comprend une plurality de groupes 
40 6thoxy. 

9. Espaceur selon Tune des revendications 1 a 5. dans lequel le squelette chimique comprend une plurality de groupes 
isopropoxy. 

45 10. Espaceur selon Tune des revendications 1 a 5, dans lequel le squelette chimique est un polypeptide. 

1 1 . Espaceur selon Tune des revendications 1 a 5, dans lequel le squelette chimique est un polysaccharide. 

1 2. Espaceur selon Tune des revendications 1611, dans lequel la longueur en extension de Tespaceur entre les groupes 
so rdactifs n'est pas inferieure a 50 Angstroms environ. 

1 3. Composition de revStemertt comprenant I'espaceur selon t'une des revencfi cations 1 a 1 2, dans un vehicule liquide 
dans lequel la chaTne chimique de I'espaceur, en ('absence des groupes r£actrfs, est soluble dans le vehicule liquide 
a concurrence d'au moins 0,5% en poids a 25°C. 

55 

14. Composition destinge a modifier la surface dun support afin de rendre la surface biocompatible, comprenant un 
espaceur selon Tune des revendications 1 k 12, \\§ k ladite biomol6cule. ledrt groupe r6actrf latent 6tant capable de 
se lier de mani&re covalente a ladite surface de support en r£ponse a un stimulus donnS. 
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15. Composition selon la revocation 14. dans un vehicule Bquide dans lequel la chalne chimique de I'espaceur en 
I absence des groupes reactifs. est soluble dans le vehicule liquide a concurrence d'au moins 0.5% en poids a 25'C. 

1 6. Procede de fixation cfun groupe biomoleculaire sur une surface de support sans activation prealable de la surface 
de support, comprenant la mise en reaction d'un groupe photoreactif latent cfun espaceur a longue chalne selon 
rune des revend.cat.ons 1 a 1 2. avec une surface de support donnee. et la mise en reaction cfun autre groupe reacH 
porte par I'espaceur avec une biomolecule. 

1 7. Procede selon la revendication 16. dans lequel I'espaceur est lie de maniere covalerrte a la biomolecule avant d'etre 
he de maniere covalente a la surface de support. 

18 * 2?£ ! e '° n ,a f endic f ' on 16 ' dans le 0 uel "'espaceur est liedemaniere covalerrte a la surface de support avant 
d Stre lie de maniere covalente a la biomolecule. 

19. Procedd selon Tune des" revendications 16 a 18. dans lequel le groupe reacM latent est un groupe photoreactif le 
P I^ C °T en , ant r t t3pe * ex**** I'espaceur a un rayonnement actinique auquel le groupe photo- 
reactif repond en liant I'espaceur a la surface de support parune liaison ccvalenta 

20. Procede selon Tune des revendications 16 a 18. dans lequel la chaine de I'espaceur est relativement hydrophile 
. par comparaison avec la surface de support, et dans lequel le groupe reactif devant etre lie a la surface de support 

estun groupe photoreactif qui est relativement hydrophobe par comparaison avec lerestede lachalnede I'espaceur 
le procede comprenant I'etape de mise en contact de la surface de support avec une solution aqueuse contenant 
I espaceur afin de permettre aux groupes photoreactifs de se rapprocher suffisamment de la surface de suooort 
pour performer une liaison avec celle-ci et ensuite I'etape dexpositionde I'espaceur aun rayonnement actinique 
af in de her I espaceur a la surface de support par llntermediaire du groupe photoreactif. 

21. Procede de modification d'une surface de support comprenant la mise en contact de la surface de support avec la 
composition dela revendication Uou 1 Set la mise en reaction dudit groupe reactif pour former une liaison covalente 
avec ladite surface. 

22. Procede selon la revendication 21 , comprenant la mise en contact de ladite surface de support avec la composition 
selon la revend.cation 15 pendant une duree d'au moins 30 secondes. et ensuite la scumission de la solution a un 
rayonnement actinique auquel le groupe photoreactif repond en se liant de maniere covalerrte a la surface. 

23 ' ! e '° n ' Une d6S revendications 16 * 22 . destine a fixer une biomolecule sur un support ayant une surface 

hydrophobe, comprenant 

(a) la mise en contact de la surface hydrophobe avec une solution aqueuse contenant un espaceur hydrophile 
comprenant une chalne chimique portant un groupe photoreactif relativement hydrophobe capable de former 
une liaison covalente avec la surface de support ; 

(b) la stimulation du groupe photoreactif pour I'amener a former une liaison covalente avec la surface de support 
i et 

(c) sort avant, sort apres I'etape (b). la liaison covalente audit espaceur d'une biomolecule. I'espaceur ayant une 
longueur de chaTne en extension entre la surface de support et la biomolecule d'au moins 25 Angstroms. 

24. Precede selon I'une des revendications 16 a 23. dans lequel un espaceur chimique ayant une chaTne formant sque- 
6 5i U '!? eSP ^ 6 miqUB qui P6Ut *• pr6par6e dans ditt6renJ es longueurs sans variation sensible de ses pro- 
pnetjs chimiques est He de maniere covalente a une surface de support eta une biomolecule. I'espaceur menageant 
une distance entre la surface et la biomolecule. mesuree le long de I'axe longitudinal de I'espaceur en extension 
d au moms 25 Angstroms, et en mesurant Tactivrte de la biomolecule. en utilisant des distances variables entre la' 
surface et la biomolecule mesurees le long de I'axe longitudinal de I'espaceur en extension, chaque distance etarrt 
superieure a 25 Angstroms ; et la longueur en extension de I'espaceur etarrt choisie comme etarrt celle qui confere 
a la biomolecule une activite sensiblement optimale. 

25. Biomateriau ayant une surface de support, une pluralite de biomolecules. et des espaceurs selon I'une des reven- 
dications 1 a 2. lies de maniere covalente via des groupes photoreactifs laterrts a la surface de support et lies de 
maniere covalente aux biomolecules. lesdites biomolecules etarrt espacees de la surface de support par une dis- 
tance, mesuree le long de I'axe longitudinal de I'espaceur en extension, d'au moins 25 Angstroms 
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